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Description 

METHOD OF DETECTING OXYGEN 

LEAKAGE 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a method of detecting 
oxygen leakage, and more specifically, to a simple and 
fast method of detecting oxygen leakage for examining 
whether oxygen is leaking into a loading chamber of a 
vertical-type furnace. 

[0003] 2. Description of the Prior Art 

[0004] since a furnace is allowed to perform batch processes on 
a plurality of wafers simultaneously, it saves a lot of pro- 
duction costs to use the furnace in the semiconductor in- 
dustry. Therefore, the furnace is applied in various semi- 
conductor processes, such as a thermal oxidation, a 
chemical vapor deposition (CVD), or a thermal diffusion. 

[0005] please refer to Fig.l. Fig.l is a schematic diagram of a 



vertical-type processing furnace. As shown in Fig.l, a ver- 
tical-type processing furnace 10 includes a reaction tube 
12, a loading chamber 11 positioned under the reaction 
tube 12, a movable shutter 13 positioned between the 
loading chamber 11 and the reaction tube 12, a wafer 
boat 14 positioned in the loading chamber 11 for carrying 
a plurality of wafers 16, and a boat elevator 18 for moving 
the wafer boat 14 along a direction indicated by an double 
arrow AA". Additionally, the wafers 16 are firstly loaded 
into the wafer boat 14 in the loading chamber 11. Subse- 
quently, the movable shutter 13 is opened and the wafer 
boat 14 is moved to the reaction tube 12 by the boat ele- 
vator 18. After the wafer boat 14 is totally positioned in 
the reaction tube 12, the movable shutter 13 is closed and 
a thermal reaction is performed on each of the wafers 16. 
As described above, the thermal reaction performed in the 
reaction tube 12 includes a thermal oxidation, a chemical 
vapor deposition, or a thermal diffusion. The thermal oxi- 
dation is usually performed in an oxygen-containing con- 
dition, while both of the chemical vapor deposition and 
the thermal diffusion should be performed in an oxygen- 
free condition. 

[0006] Additionally, the thermal reactions performed in the reac- 



tion tube 12 are usually carried out at a quite high tem- 
perature. Therefore, when one of the thermal reactions 
requiring an oxygen-free environment is performed in the 
reaction tube 12, the reaction tube 12 and the loading 
chamber 11 should be kept oxygen-free, or else oxygen 
may penetrate into the wafer boat 16 and react with a 
surface layer of each wafer 16 to form an unnecessary ox- 
ide on each wafer 16. For example, please refer to Fig. 2. 
Fig. 2 is schematic diagram illustrating forming a silicon 
nitride layer 26 by use of the vertical-type processing fur- 
nace 10 shown in Fig.l. As shown in Fig. 2, the wafer 16 
includes a semiconductor substrate 20, at least a bit line 
22 formed on the semiconductor substrate 20, and a 
tungsten layer 24 formed on the bit line 22. Then, the 
wafer 16 is loaded into the reaction tube 12 of the verti- 
cal-type processing furnace 10, and a chemical vapor de- 
position reaction is subsequently performed to form the 
silicon nitride layer 26 on the semiconductor substrate 20. 
However, if air leaks into the loading chamber 11 and the 
reaction tube 12 from an ambient environment, oxygen in 
the air would oxidize a surface of the tungsten layer 24 to 
form a tungsten oxide layer 28 on the tungsten layer 24, 
thereby increasing electrical resistance of the tungsten 



layer 24. 

[0007] The vertical-type processing furnace 10 usually includes 
an air suction device, such as a suction motor, for pump- 
ing air out of the reaction tube 12. Removing air from the 
reaction tube 12 by use of the air suction device is so effi- 
cient that oxygen can be prevented from leaking into the 
reaction tube 12. In addition, methods used for reducing 
an oxygen concentration in the loading chamber 11 in- 
clude using a fan for pumping air out of the loading 
chamber 11 or continuously blowing a nitrogen gas into 
the loading chamber 11. However, either using the fan or 
continuously blowing the nitrogen gas is too inefficient to 
reduce the oxygen concentration effectively. Accordingly, 
if the air leaks into the loading chamber 11 because 
screws become loose or valves are not closed tightly, the 
air cannot be effectively and immediately expelled from 
the loading chamber 12, so when the movable shutter 13 
is opened, the high temperature in the reaction tube 12 
would drive oxygen to induce an oxidation reaction to 
form an unnecessary by-product on each wafer 16. Addi- 
tionally, the loading chamber 12 usually includes an oxy- 
gen detector (not shown) therein for monitoring the oxy- 
gen concentration in the loading chamber 11. Neverthe- 



less, when the oxygen detector is broken, process engi- 
neers usually cannot notice that situation immediately be- 
cause the oxygen detector is only maintained once a year. 
Therefore, if the oxygen detector is broken, it cannot be 
sensed at once that the air has leaked into the loading 
chamber 11. As a result, it is an important issue to look 
for a simple method of detecting oxygen leakage so that 
process engineers can easily examine whether oxygen 

leaks into the loading chamber 11 or not. 
Summary of Invention 

[0008] it is therefore a primary objective of the claimed invention 
to provide a method of detecting oxygen leakage in order 
to examine whether oxygen leaks into a loading chamber 
for solving the above-mentioned problem. 

[0009] According to the claimed invention, a method of detecting 
oxygen leakage is provided. Firstly, a detection wafer hav- 
ing a substrate and a metallic film with a first color posi- 
tioned on the substrate is provided. Then, the detection 
wafer is loaded into a reaction tube from a loading cham- 
ber, and subsequently, the detection wafer is unloaded 
from the reaction tube. Finally, a surface of the detection 
wafer is observed and a second color of the metallic film 
is obtained, wherein if oxygen leaks into the loading 



chamber, the second color is different from the first color. 

[0010] it is an advantage over the prior art that the claimed in- 
vention can judge whether oxygen leaks into the loading 
chamber through observing a color variation of the detec- 
tion wafer, thereby obtaining detection results easily and 
quickly. Additionally, since a process for manufacturing 
the detection wafer is easy and simple, the claimed inven- 
tion provides a method of detecting oxygen leakage with 
a lot of economic benefits. 

[0011] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0012] pig.l is a schematic diagram of a vertical-type processing 
furnace. 

[0013] pig. 2 is schematic diagram illustrating forming a silicon 

nitride layer by use of the vertical-type processing furnace 
shown in Fig.l. 

[0014] pig. 3 is a schematic diagram of a detection wafer accord- 
ing to the preferred embodiment of the present invention. 
[0015] Fig. 4 and Fig. 5 are schematic diagrams illustrating an op- 



eration of a vertical-type processing furnace according to 

the preferred embodiment of the present invention. 

[0016] pig. 6 is a flow chart illustrating a method of detecting 

oxygen leakage according to the preferred embodiment of 

the present invention. 
Detailed Description 

[° 017 ] Since the present invention provides a method of detect- 
ing oxygen leakage and utilizes a detection wafer to ex- 
amine if air leaks into a loading chamber of a vertical-type 
processing furnace, the detection wafer and correspond- 
ing apparatus are described firstly before the method of 
detecting oxygen leakage is explained. Please refer to 
Fig. 3 to Fig. 5. Fig. 3 is a schematic diagram of a detection 
wafer according to the preferred embodiment of the 
present invention. Fig. 4 and Fig. 5 are schematic diagrams 
illustrating an operation of a vertical-type processing fur- 
nace according to the preferred embodiment of the 
present invention. As shown in Fig. 3, a detection wafer 30 
includes a substrate 32, a detection film 36 formed on the 
substrate 32, and a buffer film 34 formed between the 
substrate 32 and the detection film 36 for improving ad- 
hesion between the substrate 32 and the detection film 
36. In the preferred embodiment of the present invention, 



the substrate 32 is a silicon substrate, and the buffer film 
34 is composed of a titanium nitride (TiN). Additionally, 
the detection film 36 is a tungsten (W) film with a gold 
color and a thickness of the tungsten film is between 
4000 A and 8000 A, preferably 6000 A. 
[0018] As shown in Fig. 4 to Fig. 5, a vertical-type processing fur- 
nace 40 includes a reaction tube 42, a loading chamber 
41 positioned under the reaction tube 42, a movable 
shutter 43 positioned between the loading chamber 41 
and the reaction tube 42, a wafer boat 44 positioned in 
the loading chamber 41, and a wafer elevator 48 for mov- 
ing the wafer boat 44. As shown in Fig. 4, the detection 
wafer 30 is firstly sent into the loading chamber 41 of the 
vertical-type processing furnace 40 and is loaded into the 
wafer boat 44, while a nitrogen gas is continuously blown 
into the loading chamber 41. Additionally, a flow rate of 
the nitrogen gas used in the loading chamber 41 is be- 
tween 100 L/min and 200 L/min, preferably 150 L/min. 
Thereafter, the movable shutter 43 is opened and the 
wafer elevator 48 is driven to move the wafer boat 44 into 
the reaction tube 42 along a direction indicated by an ar- 
row BB", as shown in Fig. 4 and Fig. 5. It should be noted 
that no thermal reaction is performed in the reaction tube 



42 when the detection wafer 30 stays in the reaction tube 
42, and a temperature of the reaction tube 42 is between 
600 



, which is substantially the same as a temperature re- 
quired by a thermal reaction that is predetermined to be 
performed in the reaction tube 42. 
[0019] Subsequently, as shown in Fig. 4, the wafer elevator 48 
starts to move the wafer boat 44 along a direction indi- 
cated by an arrow CC", and the wafer boat 44 is moved to 
the loading chamber 41 from the reaction tube 42. Then, 
the detection wafer 44 is unloaded from the vertical-type 
processing furnace 40. After that, the detection wafer 30 
is observed and a color of a surface of the detection wafer 
30 is obtained. Furthermore, if the color of the surface of 
the detection wafer 30 is, for example, green or blue, or 




and 800 




, preferably 700 




the color of the surface of the detection wafer 30 is differ- 
ent from the gold color, the loading chamber 41 is con- 
taminated by oxygen and the vertical-type processing 
furnace 40 should be examined to determine whether 
screws have become loose or if there are valves that are 
not closed tightly. 
[0020] As mentioned above, the temperature of the reaction tube 
42 is between 600 



. Therefore, if air leaks into the loading chamber 41 from 
an ambient environment, oxygen in the air would oxidize 
the tungsten film 36 of the detection wafer 30 to form a 
tungsten oxide layer on the detection wafer 30 when the 
movable shutter 43 is opened. Furthermore, a color of the 
tungsten film 36 is gold, and a color of a tungsten oxide 
layer is varied with an oxidation level of tungsten, such as 
green or blue. Therefore, when the detection wafer 30 is 
unloaded from the vertical-type processing furnace 40 
and has a surface color different from gold, it means that 




and 800 




the loading chamber 41 is contaminated by oxygen. Ac- 
cordingly, the present invention can judge whether oxy- 
gen leaks into the loading chamber 41 through observing 
a color variation of the detection wafer 30. 

[0021] please refer to Fig. 6. Fig. 6 is a flow chart illustrating a 

method of detecting oxygen leakage according to the pre- 
ferred embodiment of the present invention. As shown in 
Fig. 6, the method of detecting oxygen leakage includes 
the following steps: 

[0022] St ep 50: Start. 

[0023] step 52: A detection wafer 30 with a first color is pro- 
vided. 

[0024] step 54: The detection wafer 30 is loaded into the reac- 
tion tube 42 from the loading chamber 41 of the vertical- 
type processing furnace 40. 

[0025] step 56: The detection wafer 30 is unloaded from the ver- 
tical-type processing furnace 40. 

[0026] step 58: A surface of the detection wafer 30 is observed 
and a second color of the detection wafer 30 is obtained. 

[0027] step 60: The second color is compared with the first color 
to decide whether the second color is the same as the first 
color or not. When the second color is the same as the 
first color, oxygen does not leak into the loading chamber 



41 of the vertical-type processing furnace 40. Otherwise, 
oxygen leaks into the loading chamber 41 of the vertical- 
type processing furnace 40. 
[0028] Step 62: End. 

[0029] | n brief, the present invention provides a detection wafer 
30, and then, the detection wafer 30 is loaded into the 
vertical-type processing furnace 40. Thereafter, the de- 
tection wafer 30 is unloaded from the vertical-type pro- 
cessing furnace 40. Finally, it can be judged whether oxy- 
gen leaks into the loading chamber 41 through observing 
a color variation of the detection wafer 30. 

[0030] it should be noted that the present invention could be ap- 
plied in any kind of reaction chambers where reactions re- 
quiring high temperature and oxygen-free conditions 
would be performed. As described above, the detection 
film 36 is a tungsten film, but the detection film 36 also 
can be any material that is sensitive to oxygen and has a 
distinguishable color from its oxide. 

[0031] | n comparison with the prior art, the present invention 
utilizes the detection wafer 30 for examining if oxygen 
leaks into the loading chamber 41 of the vertical-type 
processing furnace 40. Additionally, the present invention 
can judge whether oxygen leaks into the loading chamber 



41 through observing a physical variation, i.e. color varia- 
tion, so that detection results can be easily and quickly 
obtained according to the present invention. Furthermore, 
since a process for manufacturing the detection wafer 30 
is easy and simple, the present invention provides a 
method of detecting oxygen leakage with a lot of eco- 
nomic benefits. 

[0032] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



